Introduction
============

Lung cancer is the most prevalent human cancer and remains the main cause of cancer-associated mortality, with a 5-year survival rate of 15% ([@b1-ol-0-0-11570],[@b2-ol-0-0-11570]). In addition, non-small cell lung cancer (NSCLC) subtype accounts for \~80% of lung cancer cases and comprises adenocarcinoma and squamous cell carcinoma. Patients with NSCLC have a 5-year survival rate of \<15%, which is due to numerous factors, including difficulties in early diagnosis, frequent relapse and absence of effective treatments for advanced cases ([@b3-ol-0-0-11570]). It is therefore crucial to determine the underlying mechanisms of NSCLC onset and progression and develop novel therapeutic strategies.

Interleukin-9 (IL-9) is a T helper (Th) 2 cytokine that contributes to allergic diseases, including asthma and rhinitis ([@b4-ol-0-0-11570]). A previous study demonstrated that IL-9 is involved in tumor immunity mediated by regulatory T cells (Tregs) and mast cells ([@b5-ol-0-0-11570]). Increasing evidence indicates that IL-9 participates in the pathogenesis of different types of cancer, such as lung cancer, breast cancer and gastric cancer, predominantly acting as a cancer promoting factor, particularly in nonsolid tumors ([@b6-ol-0-0-11570]--[@b8-ol-0-0-11570]). Signal transducer and activator of transcription 3 (STAT3) is a latent cytoplasmic transcription factor, originally discovered as a transducer of signals from cell surface receptors to the nucleus ([@b9-ol-0-0-11570]). Numerous evidences suggest that STAT3 is constitutively activated in various types of cancer and serve a crucial role in tumor growth and metastasis ([@b9-ol-0-0-11570]--[@b12-ol-0-0-11570]). In addition, STAT3 regulates cellular proliferation, invasion, migration and angiogenesis, which are essential for cancer metastasis ([@b13-ol-0-0-11570]). Epithelial-to-mesenchymal-transition (EMT) is a fundamental biological process in which epithelial cells undergo biochemical shifts to acquire mesenchymal properties ([@b14-ol-0-0-11570]). It is known that during EMT, epithelial cells gain a mesenchymal phenotype, resulting in increased invasion and metastasis in cancer ([@b15-ol-0-0-11570]). Consequently, epithelial markers, such as E-cadherin, are downregulated, while mesenchymal markers, such as vimentin and N-cadherin are upregulated ([@b16-ol-0-0-11570]). Accumulating evidence has elucidated the essential role of EMT in the progression of NSCLC ([@b11-ol-0-0-11570]--[@b13-ol-0-0-11570]).

MicroRNAs (miRs) are evolutionary conserved non-coding RNA molecules composed of 20--24 ribonucleotides, which bind to mRNA 3′ untranslated regions (3′-UTRs), activating their degradation or impairing the translation process ([@b17-ol-0-0-11570]--[@b19-ol-0-0-11570]). Numerous studies reported that dysregulated expression of certain miRNAs is associated with the development of esophageal ([@b20-ol-0-0-11570],[@b21-ol-0-0-11570]), hepatocellular ([@b22-ol-0-0-11570]) and breast ([@b23-ol-0-0-11570]) carcinomas in humans. The miR-208 family includes miR-208a, miR-208b and miR-449 ([@b24-ol-0-0-11570]--[@b26-ol-0-0-11570]). Deep miRNA sequencing demonstrated that numerous members of the miR-208 family are involved in the onset and progression of cardiac diseases, such as cardiac ischemia reperfusion injury ([@b24-ol-0-0-11570]) and acute myocardial infarction ([@b25-ol-0-0-11570]).

In particular, it was reported that the expression level of −3p and −5p isoforms of miR-208a and miR-208b is highly expressed in cardiac tissue and is dysregulated in various cardiovascular diseases ([@b26-ol-0-0-11570]--[@b30-ol-0-0-11570]). Inhibition of miR-208 improves cardiac function and patient survival during heart failure ([@b30-ol-0-0-11570],[@b31-ol-0-0-11570]). However, the expression and function of miR-208 in different types of cancer, particularly in NSCLC remain unknown.

The present study aimed to determine the function and underlying molecular mechanisms of miR-208b-5p in the progression of NSCLC.

Materials and methods
=====================

### Tissue specimens

A total of 62 tumor samples were isolated from patients with NSCLC who underwent surgical lung resection at the Zhejiang Provincial Zhongshan Hospital between January 2011 and December 2013. Patients had not been treated by radiotherapy or chemotherapy prior to the surgery. Tumor tissues were collected from the edge of NSCLC lesions. Adjacent normal tissues were also collected 5 cm from the lesion. NSCLC and adjacent non-tumor tissues were confirmed by at least two expert pathologists. All patients with NSCLC received checkup every 2--3 months during the first two years and every 3--6 months afterwards until the end of the follow-up period in January 2015 by two physicians who were blinded to the study. Samples were snap-frozen after resection and maintained at −80°C prior to use. This study was approved by the Ethics Committee of The First Hospital of Longyan city, Fujian Medical University. All patients provided written informed consent prior to the study. The clinicopathological characteristics of the patients included in the present study are presented in [Table I](#tI-ol-0-0-11570){ref-type="table"}.

### Cell lines and transfection

The eight human NSCLC cell lines H460, PC9, H1299, A549, H1703, H1437, CALU-1 and H520, the 293T cell line and the normal HBEC Beas-2b cell line were purchased from The Cell Bank of Type Culture Collection of the Chinese Academy of Sciences. Cells were cultured in RPMI-1640 (Gibco; Thermo Fisher Scientific, Inc.) supplemented with 10% fetal bovine serum (FBS; Gibco; Thermo Fisher Scientific, Inc.) and 1% penicillin/streptomycin (Gibco; Thermo Fisher Scientific, Inc.) and placed at 37°C in a humidified incubator containing 5% CO~2~.

miR-208b-5p mimics (miR-208b-5p) and control mimics (control) were purchased from Sigma-Aldrich; Merck KGaA. A549 and H1299 cells (1×10^5^) were co-transfected with IL-9 cDNA plasmid (without the 3′UTR; Shanghai GenePharma Co., Ltd.), an empty vector (pcDNA-NC; Shanghai GenePharma Co., Ltd.) was used as the control for IL-9 overexpression experiments and miR-208b-5p mimics for 72 h. The primer sequences were as follows: miR-208b-5p mimic forward, 5′-GUGCAUUAUGGUUGCAUCCCA-3′ and reverse, 5′-CAAUGCAACUACAAUGCACUU-3′; and NC mimic forward, 5′-UUCUCCGAACGUGUCACGUTT-3′ and reverse, 5′-ACGUGACACGUUCGGAGAATT-3′. miR-208b-5p mimic transfections were performed using Lipofectamine™ 3000 reagent (Invitrogen; Thermo Fisher Scientific, Inc.), according to the manufacturer\'s protocol.

C188-9 is a small-molecule inhibitor of STAT3 that targets the phosphotyrosyl peptide binding site within the STAT3 Src homology 2 (SH2) domain, with Ki=136 nm ([@b9-ol-0-0-11570]). It does not inhibit upstream Jak or Src kinases ([@b9-ol-0-0-11570]). In order to define the role of miR-208b-5p inhibition NSCLC cells EMT through IL-9/STAT3 signaling pathway, A549 and H1299 cells were pre-treated with C188-9 (0.9 µM; Selleck Chemicals) for 1 h ([@b9-ol-0-0-11570]) and subsequently transfected with miR-208b-5p mimics or control mimics for 48 h. Cells without C188-9 treatment were used as the control.

### Reverse transcription-quantitative (RT-qPCR)

Total RNA was extracted from NSCLC cell lines and 62 NSCLC tissues using TRIzol™ (Invitrogen; Thermo Fisher Scientific, Inc.). cDNA was generated with the Mir-X™ miRNA First-Strand Synthesis kit (Takara Bio, Inc.) for miRNA expression level analysis or using PrimeScript RT Reagent Kit (Takara Bio, Inc.) for mRNA expression level analysis according to the manufacturers\' instructions. RT-qPCR was performed using SYBR Premix Ex Taq II kit (Takara Bio, Inc.) on a ViiA 7 RT-PCR instrument (Applied Biosystems; Thermo Fisher Scientific, Inc.) as described by the manufacturers. RT-qPCR reactions were performed as follows: 30 cycles of denaturation at 94°C for 30 sec, annealing at 56°C for 30 sec and extension at 72°C for 30 sec. U6 or β-actin were used as an internal controls. The primers were designed by Shanghai Sangong Pharmaceutical Co., Ltd., and are as follows: miR-208b-5p forward, 5′-GTCGTATCCAGTGCGTGTCGTC-3′ and reverse, 5′-CACACTCTTGATGTTCCAGGA-3′; U6 forward, 5′-CTCGCTTCGGCAGCACA-3′ and reverse, 5′-AACGCTTCACGAATTTGCGT-3′; IL-9 forward, 5′-CTCTGTTTGGGCATTCCCTCT-3′ and reverse, 5′-GGGTATCTTGTTTGCATGGTGG-3′; β-actin forward, 5′-TGACGTGGACATCCGCAAAG-3′ and reverse, 5′-CTGGAAGGTGGACAGCGAGG-3′; E-cadherin forward, 5′-TACACTGCCCAGGAGCCAGA-3′ and reverse, 5′-TGGCACCAGTGTCCGGATTA-3′; N-cadherin forward, 5′-TCAGGCGTCTGTAGAGGCTT-3′ and reverse, 5′-ATGCACATCCTTCGATAAGACTG-3′; and vimentin forward, 5′-GACGCCATCAACACCGAGTT-3′ and reverse, 5′-CTTTGTCGTTGGTTAGCTGGT-3′. The relative expressions levels were normalized to endogenous controls and were expressed as 2^−ΔΔCq^ ([@b32-ol-0-0-11570]).

### In vitro cell migration and invasion

NSCLC cell migration and invasion were investigated via Transwell assays. For the migration assay, 2000 cells in FBS-free medium were seeded in the upper compartment of the Transwell (pore size, 8 µm; Corning Inc.). For the invasion assay, the chamber was precoated with Matrigel (Corning Inc.) for 48 h at 37°C prior to cell seeding (2,000 cells in FBS-free medium). The lower chamber was filled with medium supplemented with 20% FBS. After 24 h incubation, non-migratory cells were swabbed and removed. Cells that have migrated were fixed with 4% paraformaldehyde for 30 min at 25°C followed by crystal violet staining for 30 min at 25°C. The values for invasion or migration were obtained by counting 10 randomly selected fields per membrane using a light microscope (magnification, ×40; Olympus Corporation) and represented the average of 3 independent experiments.

### Western blotting

Proteins were extracted from A549 and H1299 NSCLC cells on ice using RIPA buffer (Beyotime Institute of Biotechnology) supplemented with protease inhibitors (Cell Signaling Technology, Inc.) for 20 min. Protein concentration was measured using Bradford Protein Assay kit (Beyotime Institute of Biotechnology). Proteins (15 µg) were separated via SDS-PAGE on a 10% gel and transferred onto polyvinylidene fluoride membranes. Membranes were blocked with 5% non-fat milk dissolved in TBST for 1 h at room temperature and incubated with primary antibodies against E-cadherin (cat. no. ab194982; 1:1,000), N-cadherin (cat. no. ab202030; 1:1,000), vimentin (cat. no. ab193555; 1:1,000), IL-9 (cat. no. ab203386; 1:1,000), STAT3 (cat. no. ab68153; 1:1,000), phospho-STAT3 (cat. no. ab76315; 1:1,000) and β-actin (cat. no. ab179467; 1:5,000), which were all purchased from Abcam, overnight at 4°C. Subsequently, membranes were incubated with goat anti-rabbit horseradish peroxidase-conjugated secondary antibody (cat. no. ab150077; 1:10,000) for 1 h at room temperature. Enhanced chemiluminescence reagent (Beyotime Institute of Biotechnology) was used to detect the signal on the membrane. The data were analyzed via densitometry using Bio-Rad Image Lab software (version 4.1; Bio-Rad Laboratories, Inc.) and normalized to the expression of the internal control, β-actin.

### Luciferase reporter assay

To perform luciferase reporter assay, a pMIR-REPORT vector (Promega Corporation) was constructed. The 3′-UTR fragments of IL-9 mRNA, containing miR-208b-5p candidate binding sites synthesized by Shanghai Shandong Biology Engineering Technology Service, Ltd., was PCR-amplified and inserted into the vectors, referred to as the pMIR-IL-9-WT vectors (Promega Corporation). Furthermore, pMIR-IL-9-Mut vectors (Promega Corporation) were built with IL-9 subjected to site-directed mutation of the miR-208b-5p binding sequence via a Quik-Change Site-directed Mutagenesis Kit (Agilent Technologies, Inc.). Assays were performed in 96-well plates with 1.5×10^4^ 293T cells per well. Cells were incubated at 37°C for 24 h, followed by miR-208b-5p or negative control co-transfection using Effectene reagent (Qiagen China Co., Ltd.), with pMIR-target-WT or pMIR-target-Mut vectors for 48 h. Subsequently, luciferase activity was analyzed using the Dual-Luciferase Reporter Assay System (Promega Corporation)

### IL-9 ELISA

Following A549 and H1299 NSCLC cell transfection with miR-208b-5p mimic or mimic NC for 48 h, supernatant was collected and IL-9 level was measured by using the Human IL-9 ELISA Kit (cat. no. ab46027; Abcam) according to the manufacturers\' instructions (detection limit, 0.5 pg/ml).

### Statistical analysis

The data were presented as the means ± standard deviation. Significant differences were determined using GraphPad software version 5.0 (GraphPad Software, Inc.). Comparison between NSCLC and adjacent normal tissues was performed using paired Student\'s t-test. Student\'s t-test was used to determine differences between two groups. One-way analysis of variance, followed by Tukey\'s post-hoc test was used to compare differences between three or more groups. χ^2^ test was used to determine the association between miR-208b-5p expression level and the clinicopathological characteristics of patients with NSCLC. Survival curves were plotted using Kaplan-Meier method and were compared via log-rank test. P\<0.05 was considered to indicate a statistically significant difference. Each experiment was repeated three times.

Results
=======

### miR-208b-5p is downregulated in NSCLC tissues and inversely associated with prognosis

miR-208b-5p expression level was assessed by RT-qPCR in 62 pairs of NSCLC and adjacent normal tissues. The results demonstrated that miR-208b-5p expression level in tumor tissues was decreased in tumor tissues of 45 patients with NSCLC compared with adjacent normal tissues with 45 out of 62 patients have a lower miR-208b-5p level in NSCLC tumors compared to adjacent normal tissues (P\<0.001; [Fig. 1A and B](#f1-ol-0-0-11570){ref-type="fig"}). Based on the mean expression of miR-208b-5p in NSCLC tissues (cut-off value, 0.0057), patients were divided into a high miR-208b-5p expression group and a low miR-208b-5p expression group. In addition, miR-208b-5p expression level in NSCLC tissues was inversely associated with the presence of lymphatic metastasis and clinical TNM stage ([Table I](#tI-ol-0-0-11570){ref-type="table"}; P=0.014 and P=0.021, respectively). Patients with lymphatic metastasis or advanced TNM stage presented with decreased miR-208b-5p expression level ([Fig. 1C and D](#f1-ol-0-0-11570){ref-type="fig"}; P\<0.05 and P\<0.0001, respectively). Furthermore, patients with low miR-208b-5p expression levels had significantly shorter overall survival (OS) and disease-free survival (DFS) compared with patients with high miR-208b-5p expression levels ([Fig. 1E and F](#f1-ol-0-0-11570){ref-type="fig"}; P=0.032 and P=0.013, respectively). These findings suggested that miR-208b-5p downregulation in NSCLC tissues was inversely associated with lymphatic metastasis and clinical TNM stage. In addition, the results from OS and DFS analyses suggested that miR-208b-5p expression level may be considered as an independent prognostic factor in patients with NSCLC.

### miR-208b-5p inhibits the migratory and invasive abilities and the EMT in NSCLC cells

Following the determination of the association between miR-208b-5p expression level and metastasis in patients with NSCLC, the underlying mechanisms were evaluated. To do so, miR-208b-5p expression level in numerous NSCLC-derived cell lines was measured. The results demonstrated that miR-208b-5p expression level was significantly decreased in these cell lines compared with the normal Beas-2b bronchial cell line ([Fig. 2A](#f2-ol-0-0-11570){ref-type="fig"}; P\<0.05 and P\<0.01). The cell lines A549 and H1299 were selected for subsequent analyses, since they were characterized by the lowest miR-208b-5p levels. To overexpress miR-208b-5p in these two cell lines, infection with a lentiviral vector was performed, and successful transfection was confirmed by RT-qPCR ([Fig. 2B](#f2-ol-0-0-11570){ref-type="fig"}). The results from Transwell assays demonstrated that A549 and H1299 cells overexpressing miR-208b-5p had significantly decreased migratory and invasive abilities compared with control ([Fig. 2C and D](#f2-ol-0-0-11570){ref-type="fig"}; P\<0.001 for A549 cells and P\<0.01 for H1299 cells). Furthermore, miR-208b-5p-overexpressing cells exhibited significantly increased mRNA expression of the epithelial marker E-cadherin and decreased mRNA expression of the mesenchymal markers N-cadherin and vimentin (P\<0.01 and P\<0.001; [Fig. 2E](#f2-ol-0-0-11570){ref-type="fig"}). These findings suggested that miR-208b-5p may inhibit EMT and decrease NSCLC cell migratory and invasive abilities.

### miR-208b-5p targets IL-9 in NSCLC cells

Analysis of the miRNA target database reported IL-9 as a potential target of miR-208b-5p ([Fig. 3A](#f3-ol-0-0-11570){ref-type="fig"}). To analyze the interaction between miR-208b-5p and IL-9 mRNA, a wild type (WT) luciferase reporter was constructed including the 3′-UTR of IL-9. A mutant type (Mut) reporter with a mutated miR-208b-5p binding sequence was also generated ([Fig. 3A](#f3-ol-0-0-11570){ref-type="fig"}). The constructs and miR-208b-5p were co-transfected into the 293T cell line. Compared with control cells (mimic NC), cells transfected with miR-208b-5p and the WT constructs displayed a significantly decreased luciferase activity ([Fig. 3B](#f3-ol-0-0-11570){ref-type="fig"}; P\<0.001). This effect was absent in cells transfected with the Mut reporter. These findings suggested a direct binding of miR-208b-5p to the 3′-UTR of IL-9. This result was confirmed by RT-qPCR, western blotting and ELISA assays, which demonstrated decrease in mRNA and protein levels of IL-9 in A549 and H1299 cells overexpressing miR-208b-5p ([Fig. 3C-E](#f3-ol-0-0-11570){ref-type="fig"}, P\<0.05). IL-9 mRNA may therefore be directly targeted by miR-208b-5p.

### IL-9/STAT3 signaling pathway mediates the inhibition of EMT in NSCLC cells by miR-208b-5p

To further elucidate the interrelationship among miR-208b-5p expression level, IL-9 signaling and EMT, RT-qPCR analyses were performed. A549 and H1299 NSCLC cells were transfected with pcDNA.IL9, and the results demonstrated increased IL9 mRNA expression levels in these cells compared with the negative control (pcDNA.NC; P\<0.05; [Fig. 4A and B](#f4-ol-0-0-11570){ref-type="fig"}). Furthermore, miR-208b-5p overexpression increased E-cadherin mRNA expression, while decreasing N-Cadherin and vimentin mRNA expression levels in A549 and H1299 NSCLC cells (P\<0.05; [Fig. 4C and D](#f4-ol-0-0-11570){ref-type="fig"}). Conversely, increasing IL-9 levels decreased E-cadherin mRNA expression, while increasing N-Cadherin and vimentin mRNA expression levels in A549 and H1299 NSCLC cells (P\<0.05; [Fig. 4C and D](#f4-ol-0-0-11570){ref-type="fig"}). Furthermore, co-transfection with miR-208b-5p mimic + IL9 reversed the effects of miR-208b-5p overexpression on increasing E-Cadherin mRNA expression level, and decreasing N-Cadherin and vimentin mRNA expression levels in A549 and H1299 NSCLC cells (P\<0.05; [Fig. 4C and D](#f4-ol-0-0-11570){ref-type="fig"}). The STAT3 inhibitor, C188-9 attenuated the expression level of EMT-promoting proteins. In addition, miR-208b-5p overexpression had no further effect on the expression level of these proteins when combined with C188-9 treatment ([Fig. 4E and F](#f4-ol-0-0-11570){ref-type="fig"}, P\<0.05). These findings suggested that miR-208b-5p may inhibit EMT in NSCLC cells via STAT3-mediated decreased IL-9 expression.

Discussion
==========

Increasing evidence indicates that several types of miRNAs, such as miR-675-5p, miR-361-3p, miR-4286, miR-150-5p miR-625 and miR-4319 play crucial roles in NSCLC regulation ([@b33-ol-0-0-11570]--[@b38-ol-0-0-11570]). miR-208 is highly expressed in cardiac tissue and is dysregulated in several types of cardiovascular diseases ([@b26-ol-0-0-11570]--[@b30-ol-0-0-11570]), such as cardiac ischemia reperfusion injury ([@b24-ol-0-0-11570]) and acute myocardial infarction ([@b25-ol-0-0-11570]). Inhibition of miR-208 has been demonstrated to improve cardiac function and patient survival during heart failure ([@b30-ol-0-0-11570],[@b31-ol-0-0-11570]). However, the expression and function of miR-208 in different types of cancer, particularly in NSCLC remain unknown. Thus, the present study aimed to investigate the potential role of miR-208b-5p in inhibiting NSCLC cell migration and invasion.

The present study demonstrated that miR-208b-5p expression level in NSCLC tissues was significantly decreased compared with adjacent normal tissues. Furthermore, miR-208b-5p expression level was associated with the presence of metastases, clinical TNM stage, OS and DFS. miR-208b-5p overexpression attenuated the migratory and invasive abilities of NSCLC cells and inhibited EMT. In addition, this study demonstrated that IL-9 mRNA may be a novel target for miR-208b-5p. Furthermore, miR-208b-5p ability to attenuate the STAT3 pathway was demonstrated. miR-208b-5p may therefore be considered as a cancer suppressor gene and may be used as a therapeutic target and prognostic marker in NSCLC.

The present study demonstrated that the mRNA coding IL-9 protein may be a novel direct target of miR-208b-5p. IL-9 belongs to the Th2-type of cytokines that have a pleiotropic effect on inflammatory responses in allergic diseases ([@b4-ol-0-0-11570]). A previous study reported the involvement of IL-9 in Treg and mast cells-mediated tumor immunity ([@b5-ol-0-0-11570]). Increasing evidence indicates that IL-9 participates in the pathogenesis of several types of cancer, predominantly acting as a cancer promoting factor, particularly in nonsolid tumors ([@b6-ol-0-0-11570]--[@b8-ol-0-0-11570]). IL-9 contributes to the signaling pathways of IL-2, IL-4, IL-7, IL-15 and IL-21, which involve heterodimeric receptors that interact with the common γ-chain members of the STATs family ([@b39-ol-0-0-11570]). STAT3 transduces signals from the cell membrane receptors to the nucleus, where it acts as a transcription factor. STAT3 is known to be constitutively activated in various types of cancer ([@b9-ol-0-0-11570]), such as cutaneous melanoma ([@b10-ol-0-0-11570]), squamous cell carcinoma ([@b11-ol-0-0-11570]) and oral squamous cell carcinoma ([@b12-ol-0-0-11570]). In addition to promoting angiogenesis, STAT3 regulates cell proliferation, migration and invasion of tumor cells, indicating its crucial role in the control of tumor growth and metastasis ([@b10-ol-0-0-11570],[@b40-ol-0-0-11570]--[@b42-ol-0-0-11570]). The present study demonstrated that STAT3 inhibitor C188-9 attenuated the expression of EMT-promoting mRNA levels. Furthermore, miR-208b-5p overexpression did not further alter the mRNA levels of related-EMT genes in NSCLC cells treated with C188-9. Taken together, these findings suggested that miR-208b-5p may exert a tumor suppressor role in NSCLC cells by regulating IL-9/STAT3 pathway. Further investigation is required to confirm this hypothesis and determine the underlying mechanisms of miR-208-5p in NSCLC.

In conclusion, the present study demonstrated that miR-208b-5p was downregulated in NSCLC, and that its expression level was associated with metastasis and patient survival. These results suggested that miR-497-5p may act as a potential tumor suppressor in NSCLC. In addition, miR-208b-5p may prevent the activation of EMT, and decrease the migratory and invasive abilities of NSCLC cells by targeting IL-9/ STAT3 pathway.
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![miR-208b-5p expression level and significance in patients with NSCLC. (A) Relative miR-208b-5p expression level in tumor samples of 62 patients with NSCLC. (B) Relative miR-208b-5p expression level measured by reverse transcription-quantitative PCR in NSCLC and adjacent normal tissues. (C) Relative miR-208b-5p expression level in patients with and without lymphatic metastasis. (D) Relative miR-208b-5p expression level in patients with early or advanced stages. (E and F) 5-year overall survival and disease-free survival accessed via the Kaplan-Meier method in patients with NSCLS according to their expression level of miR-208b-5p. \*P\<0.05 and \*\*\*P\<0.001. miR, microRNA; NSCLC, non-small cell lung cancer; TNM, Tumor-Node-Metastasis.](ol-20-01-0299-g00){#f1-ol-0-0-11570}

![miR-208b-5p inhibited NSCLC cell migratory and invasive abilities and the epithelial-mesenchymal transition. (A) miR-208b-5p expression level in normal human bronchial and NSCLC cell lines measured by RT-qPCR. (B) miR-208b-5p expression level in A549 and H1299 cells transfected with miR-208b-5p. (C and D) Representative images and quantification of the migratory and invasive abilities of A549 and H1299 cells overexpressing miR-208b-5p compared with control. (E) E-cadherin, N-cadherin, and vimentin mRNA levels in miR-208b-5p-transfected NSCLC cells determined by RT-qPCR. \*\*P\<0.01 and \*\*\*P\<0.001. miR, microRNA; NC, negative control; NSCLC, non-small cell lung cancer; RT-qPCR, reverse transcription-quantitative PCR.](ol-20-01-0299-g01){#f2-ol-0-0-11570}

![miR-208b-5p directly targeted IL-9. (A) Illustration of the WT or Mut IL-9 3′-UTR vectors. (B) Luciferase reporter assay for the interaction between miR-208b-5p and IL-9. (C) Relative mRNA level of IL-9 in A549 and H1299 cells overexpressing miR-208b-5p measured by reverse transcription-quantitative PCR. (D) Western blotting analysis of IL-9 protein expression in A549 and H1299 cells overexpressing miR-208b-5p (left panel) and relative protein density (right panel). (E) Determination of IL-9 in culture medium of A549 and H1299 cells overexpressing miR-208b-5p determined by ELISA. \*P\<0.05, \*\*P\<0.01 and \*\*\*P\<0.001. IL-9, interleukin 9; miR, microRNA; Mut, mutant; NC, negative control; WT, wilt type.](ol-20-01-0299-g02){#f3-ol-0-0-11570}

![IL-9/STAT3 signaling pathway mediates the inhibition of EMT in NSCLC cells by miR-208b-5p. IL9 mRNA expression in (A) A549 and (B) H1299 cells transfected with IL9. Relative mRNA expression of E-cadherin, N-cadherin and vimentin assessed via RT-qPCR analysis in (C) A459 and (D) H1299 cells transfected with NC, miR-208b-5p, IL-9 or miR-208b-5p+IL-9. Relative mRNA expression of N-cadherin, E-cadherin and vimentin assessed by RT-qPCR in (E) A459 and (F) H1299 cells transfected or treated with NC, miR-208b-5p, C188-9 or C188-9+miR-208b-5p. \*P\<0.05, \*\*P\<0.01 and \*\*\*P\<0.001. miR, microRNA, IL-9, interleukin 9; NC, negative control; NS, not significant; RT-qPCR, reverse transcription-quantitative PCR.](ol-20-01-0299-g03){#f4-ol-0-0-11570}

###### 

Association between miR-208b-5p expression level and the clinicopathological characteristic of patients with non-small cell lung cancer.

                               miR-208b-5p expression        
  ----------------------- ---- ------------------------ ---- -------
  Sex                                                        0.075
    Male                  51   22                       29   
    Female                11   8                        3    
  Age, years                                                 0.553
    \<60                  39   20                       19   
    ≥60                   23   10                       13   
  Smoking status                                             0.851
    Previous/Current      40   19                       21   
    Never                 22   11                       11   
  Pathological type                                          0.779
    Adenocarcinoma        28   13                       15   
    Squamous carcinoma    34   17                       17   
  Tumor differentiation                                      0.286
    Well and moderate     49   22                       27   
    Poor                  13   8                        5    
  Tumor size, cm                                             0.830
    \<3                   51   25                       26   
    ≥3                    11   5                        6    
  Lymphatic metastasis                                       0.014
    Yes                   22   6                        16   
    No                    40   24                       16   
  TNM classification                                         0.021
    I--II                 22   15                       7    
    III--IV               40   15                       25   

miR, microRNA; TNM, tumor-node-metastasis.
